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Section A    (40%). 
Answer ALL (10) questions. Each question is worth 4%. 
 
Write a paragraph (minimum 100 words) explaining your understanding of the following 10 
topics. You need to be succinct and illustrate principles, applications, advantages and/or 
disadvantages as appropriate. You should also give examples and provide sketches as 
appropriate. A detailed explanation is required. 
 
         A1 Lubrication of sliding bearings 
 
A2 Coil spring design procedure 
 
A3 Fatigue failure 
 
A4 The type and application of gears, other than straight spur gears, 
                   list and describe five (5) types                                         
 
A5 Fatigue loading of bolts 
 
A6 Five (5) types of industrial welding processes 
 
A7 The design of a bolted connection 
 
A8 Spur gear design procedure 
 
A9 Maximum distortion energy theory of failure 
 
 A10 The function of a clutch (and brake) and the principles and assumptions involved in 
their design.  
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Section  B 
  ( Answer all questions, marks for each question as shown) 
 
Question 1  (10%) 
 
The differential band brake shown in Figure 1 is required to apply a brake torque of 4000 Nm 
but must allow slippage in an overload situation of 4600 Nm and above.  The maximum drum 
diameter allowable is 700mm with a band contact angle of  Φ250°.  Using a coefficient of 
friction of 0.40 and a maximum pressure of 1.1 MPa, determine, 
 
a) The forces P1(max) and P2(max) corresponding to maximum brake torque.  (5%) 
 
b) Select an appropriate value of band width                                                       (3%) 
 
c) Given distances a = 100mm and c = 600mm, what value of distance ‘s’ would ensure 
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Question 2. (25%) 
The helical gear reducer shown in Figure 2 is driven at 2500 rpm by an electric motor and is 
required to drive a load at 1400 rpm involving a moderate amount of shock.  The 25 tooth 
pinion has a module in the normal plane of mn = 3.2 mm, a face width of b = 46 mm, a normal 
pressure angle of φn = 20°, and a helix angle of Ψ = 26°.  Both gears are made of AISI 8620 
carburised steel such that Su = 896 MPa, Sy = 531 MPa, Sfe = 1779 MPa and Cp = 191 MPa .  
The gears are high precision shaved and ground and the degree of accuracy of mounting 
corresponds to a mounting factor, Km = 1.6. 
a.   Calculate the pressure angle, module, pinion diameter, gear diameter and 
 pitch line velocity.                                                                                                             ( 4%) 
   
b.   Determine the tangential force that can be transmitted for infinite fatigue life with 99% 
reliability and a safety factor of 2 for tooth bending.  Use CS = 1.0.                                  (8%)                
 
c.  Calculate the contact ratio, given that the teeth use the standard addendum equal to the 
module, m, and the base circle radii can be calculated from rb = rcosφ.                          ( 5%) 
 
d.  Calculate the gear geometry factor, I.                                                                           (2%) 
 
e.  Determine the tangential force that can be transmitted for 107 pinion revolutions with 99% 
reliability and a safety factor of 2 for surface fatigue.                                                        (5%) 
 
f.   Calculate the maximum power that can be transmitted by the gears using the limiting 
















                                                           Figure 2 
np = 2500 rpm 
Np = 25 teeth 
mn = 3.2 mm 
b = 46 mm 
φn = 20° 
Ψ = 26° 
 
ng = 1400 rpm 
moderate shock 
Km = 1.6 
 
2500  rpm 
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Question 3.  (15%) 
a) Figure 3 shows a drive pulley (1), a driven pulley (2) and an idler pulley (3).  
Which is the best direction for the pulleys to rotate, clockwise or counter 











(b)  Design a suitable V belt drive system for the blades of a ride on lawn mower.  The 
belt will be a standard type with β = 18°, a unit weight of 2.2 N/m and a coefficient of 
friction of 0.2.  The mower engine produces 15 kW at 4000 rpm and the centre 
distance, ‘c’, from the engine to the blades is 600 mm.  A speed reduction of 1.5 : 1 is 
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Question 4   ( 10%) 
A multiple disk wet clutch similar to that shown in Figure 5 (below) is required to provide a 
torque capacity of 200Nm.  Design values of pmax = 1000kPa and the coefficient of friction, f = 
0.15 are to be used.  Due to clutch space limitations, the inside diameter, di = 75mm and the 
outside diameter, do = 100mm.  Assume that wear rate is uniform across the friction surfaces. 
 
a) What total number of disks should be used?                                                   (4%) 
 
b) Using the answer from a), what is the smallest value of axial clamping force that 
would provide the necessary torque capacity?                                                (4%) 
 
c) Given that the above answer is based on a uniform wear rate, explain briefly what 
will happen when the clutch is new and the pressure distribution is uniform across 
the face.                                                                                                                  (2%)                                                                                                                              
 
                                                                              Figure 5 
 
                                      Clutch Plates           Clutch  Discs 
